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SUMMARY

This memo details the objectives, requirements, configurations, instru-
mentation and test procedures for the water flow testing of the full-scale
transparent SSME Phase II and Phase [I+ turnaround duct (TAD)/diffusers/hot gas
manifold (HGM) flow models. These tests will be conducted at the MASA-Marshall
Space Fiight Center (MSFC) Dynamic Fluid Flow Facility. Similar tests were
previously run at MSFC with a half-scale model as reported in Reference 1.

OBJECTIVES

The purpose of the full-scale SSME water model testing is to verify the
acceptabiiity of the ATD HPFTP and HPQTP TAD/diffuser flowpaths and provide
data to support redesign, if necessary. This will be done by meeting the
foTlowing objectives: ‘

1. Ascertain the flow distribution and patterns in the high pressure fuel
turbopump (HPFTP) and high pressure oxidizer turbopump (HPOTP) TAD's,
diffuser sections, and HGM.

2. Determine the circumferential variation in flow direction for both the
Phase Il and Phase II+ HGM configurations.

3. Verify that the HPFTP and HPQTP TAD's are separation-free.

4. Compare the flow characteristics of three different HPFTP diffuser strut
designs.

5. Measure the total pressure losses, static pressure recoveries, and local
flow angles in the TAD's, diffuser sections, and HGM.




REQUIREMENTS

The required water flowrates and supply pressures are listed in Table I.
Pressures will be monitored to avoid damage to the test models and establish
similarity between tests. Flow visualization will be accomplished using
aluminum particles and air bubbled through existing pressure taps; the result-
ing flow patterns will be photographed with still and high speed motion picture
cameras, and traced onto clear plastic wrapped around the flow models.

CONFIGURATIONS

The SSME assembled flow model is illustrated in Figure 1; Figure 2 shows
cross sections of the TAD rigs and bowls, along with location angle conven-
tions. Tests will be conducted with full-scale water models of the SSME Phase
I1 and Phase II+ HGM's. Phase II tests will use existing MSFC bowls; Phase II+
tests will incorporate portions of the Phase Il air model. For the Phase II+
‘testing, P&W will supply transparent pre-burner, fuel and LOX bowl and transfer
tube sections. P&W will also provide full-scale HPFTP and HPOTP water flow
turbine simulators to be mounted on the HGM flow models. These simulators will
incorporate metering orifice plates to simulate turbine pressure drop, and
replaceable turbine swirl vanes to simulate the 65% and 109% engine power
levels. In addition, the HPFTP simulators will have five interchangeable
diffuser and strut assemblies for evaluating the flow characteristics of
different strut designs.

INSTRUMENTATION

Static pressure taps, total pressure rakes, and 2D and 3D directional
probes will be located throughout the water flow model. The fuel side of the
Phase II model will be instrumented with 160 static pressure taps, 18 total
pressure rakes, and 27 directional probes, while the LOX side will have 107
static pressure taps and 13 total pressure rakes. The Phase II+ fuel-side -
measurements will include 159 static pressure taps, 27 total pressure rakes,
and 43 directional probes. The Phase II+ LOX side will be monitored by 112
static pressure taps, 13 total pressure rakes, and 15 directional probes. In
addition, the racetrack and main injector will be instrumented with 89 static
pressure taps, and another 51 static pressure taps, 5 total pressure rakes, and
5 directional probes will be located in the transfer ducts. Not all
measurements will be connected at the same time. A limit of 399 measurements
can be recorded at one time, so the instrumentation will have to be broken up
into two groups. Also, at the locations where both total pressure rakes and
directional probes exist, either the rakes or the probes will be connected, but
not both. :

Measurements will be made in a number of planes in the fuel and oxidizer
HGM flowpaths, and most instrumentation planes will have a number of measure-
ment locations spaced circumferentially in the plane. Phase II configuration
simulator measurement locations are shown in Figures 3 and 4, while the Phase
I1+ measurement locations are illustrated in Figures 5 and 6. Tables II and
[II detail the instrumentation along with its locations, header names, ranges,
accuracies, and groupings. Phase II and II+ measurements are listed



separately, since differences exist in fuel bowl and HGM measurement locations
between the Phase II and Phase II+ tests.

DATA ACQUISITION AND ANALYSIS

Test data will be acquired using the facility data acquisition and analy-
sis systems and stored into AFAS/DBS (Aero/Fluids Analysis System/Data Base
Storage). Data points will be recorded only at steady-state conditions, but
will be taken as scans over an interval of time. This time interval will be
defined during initial test runs, which will determine the variation in flow
conditions with time.

Test data will be reduced on-line and off-line. A set of run identifica-
tion parameters will be entered into the computer system before each run so
that the run conditions associated with each set of data will be permanently
recorded. Table IV lists the information that will be input.

Some on-line data reduction is necessary to set the test flow conditions
and insure that reasonable data is recorded. Additional detailed data reduc-
tion will be done later off-line to determine such things as velocity heads,
pressure loss and recovery coefficients, and transverse pressure difference
coefficients. Appendix A contains the equations used to do the on-line and
off-line data reduction. Reduced data will be plotted using P&W's Unigraph
System.

TEST PLAN

Testing will be accomplished at the NASA-MSFC Fluid Flow Facility. A flow
schematic for the facility is shown in Figure 7. A flow calibration test will
be the first test conducted to establish what rig pressure will be at the
required test maximum flowrate. Test procedures for the flow calibration -test
and subsequent model testing are given in Tables V and VI. Test matrices
appear in Figures 8 and 9. Since a maximum of only 399 measurements can be
recorded at once, two runs will have to be conducted for each test configura-
tion/flowrate combination. Group I instrumentation consists mainly of fuel-
side measurements plus some reference oxidizer-side measurements while Group II
instrumentation is made up of oxidizer-side measurements, some reference
fuel-side measurements and transfer duct and main injector measurements. These
groupings are defined in Tables Il and III.

The test matrix defined in Figures 8 and 9 is flexible. Some combinations

of model configurations and flow rates will be deleted once results have been
obtained in the early testing.

EXPECTED RESULTS

Figure 10 shows expected flow fields in the HGM TAD for the Phase Il and
[I+ configurations with no struts or posts, based on the half-scale water flow
test program results reported in Reference 1. Besides having less flow swirl,
the Phase II+ flowfield has its flow division region shifted from 160-165
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degrees in the Phase II configuration to 140-145 degrees in the Phase II+
flowpath.

Values of fuel-side static pressure losses, total pressure loss coeffi-
cients, and transverse static pressure coefficients for the 109% power level
(2576 GPM) can also be estimated from the half-scale results. Since the
flowrates used in the current testing are four times those of the half-scale
tests, similarity has been preserved, and the full-scale pressure profiles
should be similar to the half-scale results.

Expected fuel-side static pressure losses for Phases Il and II+ configu-
rations are given in Figures 11 through 14. The pressure loss values are
relative to the bulinose static pressure.

Estimated fuel-side total pressure loss coefficients relative to the
preburner duct total pressure and the swirl vane exit total pressure for Phases
IT and II+ configurations are shown in Figures 15 through 18. Pressure loss
coefficients are calculated by subtracting the preburner duct or swirl vane
exit pressure from the local pressure and dividing by the reference velocity
head. Estimates are made for strutless diffusers and ones with strut and post
assemblies. Figure 19 shows estimated oxidizer-side total pressure loss
coefficients relative to the turbine exit. The oxidizer-side predictions are

~derived from information presented in the memo listed under Reference 2.

Predicted fuel-side transverse static pressure coefficients at three
different stations are given in Figures 20 through 29. These are calculated by
subtracting the average pressure at a station from the local pressure and
dividing by the reference velocity head. Predictions are given for Phases II
and II+ configurations and for strutless and strutted diffusers.
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TABLE I.  WATER FLOW TEST CONDITIONS

Fuel Side | Oxidizer-Side
Fuel-Side Supply Oxidizer-Side Supply
Flowrate Pressure Flowrate Pressure
(GPM) (psiG) (GPM) (PsIG)
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TABLE IV. RUN

Identifier
Run Number
Rerun Number
Water Temperature
Barometric Pressure
Power Level
Diffuser Strut Set
Fuel-Side Flow Rate
LOX-Side Flow Rate
Rakes or Probes Selection

Rakes/probes Angles

Rakes/Probes Radial Positions

IDENTIFICATION INFORMATION

Entry |
#

#
#
65 or 109%
A, B, C,DorE
¥
#

R'or P

:
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TABLE V.  FLOW CALIBRATION TEST PROCEDURE

Ascertain- that dump tank contains water.

Ascertain that pump isolation gate valves are open.

Connect Group I instrumentation.

Open model air purge valves. .

Open 6" and 8" ball supply line valves to part-open position.

Close 8" discharge valve. °

Slowly fill rig with water until full.

Open 6" and 8" ball supply line valves and flow control valve to full-open
position.

Bleed instrumentation lines and close model air purge valves.

Record water-off zero readings (W0Z).

Record zero-flow pre-run data point.

Open 8" discharge valve.

Start fuel-side supply pump and begin to fill dump tank.

When dump tank is over half full start LOX-side supply pump and return
pump.

Gradually increase LOX-side, fuel-side, and return flowrates to TBD, TBD
and TBD GPM.

Ascertain that rig pressures are below maximum allowable.

Record Group I data points.

Slowly increase fuel-side, LOX-side and return pump flowrates to TBD GPM,
making sure that rig pressures remain below maximum allowable.

Record Group I data points.

Repeat steps 18 and 19 until fuel-side and LOX-side flowrates of 1800 and
776 GPM have been reached, or rig pressures reach maximum allowable.

Shut off pumps and drain water from model.
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TABLE VI.  WATER FLOW TEST PROCEDURE

Ascertain that dump tank cdntains water.

Ascertain that pump isolation gate valves are open.

Connect Group [ instrumentation.

Open model air purge valves.

Open 6" and 8" ball supply line valves to part-open position.

Close 8" discharge valve.

Slowly fill rig with water until full.

Open 6" and 8" ball supply line valves and flow control va]ve to full-open
position.

Bleed instrumentation lines and close model air purge valves.

Record water-off zero readings (W0Z).

Record zero-fiow pre-run data point.

Open 8" discharge valve.

Start fuel-side supply pump and begin to full dump tank.

When dump tank is over half full start LOX-side supply pump and return
pump.

Gradually increase LOX-side, fuel-side, and return flowrates to 194, 450
and 450 GPM.

Slowly close flow control valve until TBD-side inlet static pressure
reaches TBD.

Record Group [ data points.

Open flow control valve and slowly 1ngrease LOX-side, fuel-side and return
flowrates to 388, 900 and 900 GPM.

Slowly close f]ow control valve until TBD-side inlet static pressure

- reaches TBD.

Record Group I data points.

Open flow control valve and gradually increase LOX-side, fuel-side and
return flowrates to 582, 1350 and 1350 GPM.

Slowly close flow control valve until TBD-side inlet static pressure
reaches TBD. :

Record Group I data points.

Open flow control valve and slowly increase LOX-side, fuel-side and return
pump flowrates to 776, 1800 and 1800 GPM.

Stowly close flow control valve until TBD-side inlet static pressure
reaches TBD.

Record Group I data points.

Shut off pumps and close rig discharge valve maintaining rig full of
water.

Record zero-flow post-run data point.

Close 6" and 8" ball supply line valves and empty water from rig.
Connect Group II measurements and repeat steps 4 through 28.

Open flow control valve.

Open discharge valve and slowly increase LOX-side, fuel-side and return
flowrates to TBD, TBD and TBD GPM.

. "Slowly close flow control valve until TBD-side inlet static pressure

reaches TBD.
Perform flow visualization.
Shut off pumps and drain water from model.
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Figure 1.

SSME HGM Assembled Water Flow Model on
Support Stand




HPFTP TAD Rig and Bowls
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Pressure Coefficients -






N 1800

Pressure Coefficients -



Figure 26. Estimated Fuel-Side Circumferential TAD Exit Static
Pressure Coefficients -
. Phase II+, No Diffuser Struts or Posts



: Figure 27. Estimated Fuel-Side Circumferential TAD Exit Static
' Pressure Coefficients -
. Phase II+, With Diffuser Struts and Posts



Figure 28.

Estimated Fuel-Side Circumferential Fuel Bowl Static
Pressure Coefficients -
Phase II, With Diffuser Struts and Posts
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Figure 29.

Estimated Fuel-Side Circumferential Fuel Bowl Static
Pressure Coefficients -
Phase II+, With Diffuser Struts and Posts







Figure 24. Estimated Fuel-Side Circumferential TAD Exit Static
Pressure Coefficients -
Phase II, No Diffuser Struts or Posts




Figure 25. Estimated Fuel-Side Circumferential TAD Exit Static
: Pressure Coefficients -
‘ : Phase II, With Diffuser Struts and Posts




